Four-hundred and ten Duroc, Hampshire, Yorkshire and Landrace x Large White (L X LW) reciprocal-cross gilts were reared in confinement (C) or nonconfinement (NC) during either a winter (October to April) or summer (April to October) season. Within each season, gilts were assigned to experiment in two groups according to age (winter, period 1 and 2; summer, period 3 and 4). At 2.5 months of age, littermate gilts were allotted by weight to C or NC pens, with 16 to 18 gilts/pen. Confinement pens were located in an enclosed building, and measured 3.7 x 4.6 m with a 2.1 x 4.6 m slatted floor area. Dirt lot NC pens were 29.3 x 9.8 m with 3.7 x 4.3 m steel shelters. Gilts were checked once daily for estrus beginning at 4.8 months of age. Weekly blood samples were collected from noncyclic gilts (5.5 tO 9 months of age) for serum progesterone analysis, and reproductive tracts of gilts noncyclic at 9 months of age were examined by laparoscopy. C rearing reduced by 12% the average percentage of gilts showing regular estrous cycles (cyclic gilts) from 5 to 9 months of age, and 71.3% of C-reared gilts and 85.2% of NC-reared gilts were cyclic at 9 months of age. The percentage of cyclic gilts at 9 months tended to be higher (P<.25) 2The author expresses his appreciation to the swine operations personnel for care of the experimental animals, to Toni ToUes for data compilation and laboratory analysis, to Marilyn Bierman for assistance in manuscript preparation and to J. J. Ford for critical evaluation of this experiment.
Introduction
Research has shown that rearing gilts in total confinement buildings can result in only 40 to 80% of the gilts showing regular estrous cycles (cyclic gilts) at breeding age (Christenson and Young, 1978; Rampacek and Kraeling, 1978; Christenson and Ford, 1979) . Breed influences the percentage of cyclic gilts and the age at puberty of gilts reared in confinement (Christenson and Young, 1978) . Noncyclic gilts at 8 to 9 months of age have been classified as gilts with delayed puberty (prepuberal) or behavioral anestrus (Christenson and Young, 1978) . Reproductive problems are often encountered in gilts reared in confinement, but few controlled studies have been conducted to determine the influence of confinement versus nonconfinement (C versus NC) housing on puberty and continued estrous activity.
The incidence of reduced estrous activity in C-reared gilts is recognized by the swine industry as a variable phenomenon. Changing climatic conditions (season of the year) during sexual maturation could result in greater ages at puberty and lower estrous activity and might account for the conflicting reports on the influence of season on age at puberty. The objective of this experiment was to determine the influences of type of housing (C versus NC) and season of the year of sexual maturation on age at puberty and regularity of estrous cycles of gilts. In addition, the interactions of breed, type of housing and season of the year were examined.
Materials and Methods
Four-hundred and ten Duroc, Hampshire, Yorkshire and "Swedish" Landrace x Large White (L x LW) reciprocaI-cross gilts born during the period from mid-July through August and from mid-December through January were used. Gilts were weaned at 4 weeks of age, maintained in a nursery in homosexual groups until 2.5 months of age and then allotted to the experiment. Gilts were reared from 2.5 to 9 months of age in either a winter (October to April) or a summer (April to October) season (table 1) . Within each season, gilts were allotted to the experiment in two groups according to age (winter, period 1 and 2; summer, period 3 and 4). Within each period, littermate gilts were allotted by weight to either C or NC pens, with 16 to 18 gilts per pen. The experiment was terminated when gilts averaged 9 months of age. Reproductive tracts of all noncyclic gilts were then examined by laparoscopy.
C pens were located in a totally enclosed building and measured 3.7 x 4.6 m with a 2.1 x 4.6 m slatted floor area. A 12-hr light (incandescent):12-hr dark cycle, controlled by a mechanical timer, was used in the C building. NC pens were 29.3 • 9.8 m dirt lots with 3.7 x 4.3 m steel shelters. Daily high and low dry-bulb temperatures (C) were recorded by hygrothermograph in C and by a maximum:minimum thermometer in NC.
From weaning to 2.5 months of age, gilts were fed ad libitum an 18% crude protein corn-soybean diet. From 2.5 to 9 months of age, gilts were fed a 16% crude protein cornsoybean diet. Gilts were fed ad libitum until they reached an average weight of 88.5 kg, after which they were group-fed 1.81 kg/gilt/ day, except for NC-reared gilts in periods 1 and 2 (winter), which were group-fed 2.27 kg/gilt/day to achieve an average daily gain Duroc  9  5  8  9  Hampshire  6  8  12  11  Yorkshire  17  11  15  16  L• LW  12  4  9  9  LWX L  6  4  9  8  50  32  53  53   Tot~  168  242   222   188   410 aWithin each season, the oldest gilts (periods 1 and 3) were allotted to experiment approximately 3 weeks before the youngest gilts (periods 2 and 4). bL • LW and LW • L were Landrace and Large White reciprocal-cross gilts. similar to that of C-reared gilts. Gilts were weighed at birth and at 1, 2.5 and 3 months of age and every 28 days thereafter.
From 4.8 to 9 months of age, gilts were checked once daily (10 to 15 minutes) for estrus with a mature boar. Two boars were used alternately to ensure adequate stimulation, and several boars were used during the experiment. Boars were housed in a building adjacent to the C and NC pens. Each pen of gilts was moved daily to the C and NC estrousdetection pens. Observations on standing estrus, mounting and seeking out the boar, and reddening and swelling of the vulva were recorded daily for each gilt. Estr0us data were summarized for each gilt from 4.8 to 9 months of age, and gilts were classified as cyclic or noncyclic at 5, 5.5, 6, 6.5, 7, 7.5, 8, 8 .5 and 9 months. Gilts failing to show estrus at 18-to 25-day intervals were not classified as cyclic at subsequent bimonthly periods unless estrus was reinitiated.
When gilts reached 5.5 months of age, blood samples (10 ml) were obtained weekly via jugular puncture. Sampling was discontinued for each gilt after two consecutive estrous periods separated by a normal estrous interVal. Gilts that missed one estrous period were returned to the bleeding schedule. Blood samples were centrifuged at 2,500 • g for 30 min, and serum was stored at -20 C until assayed for progesterone. Progesterone concentrations were measured in heptane extracts of serum with an antiserum prepared against 11 -desoxycortisol -21 -mono -hemisuccinatehuman serum albumin (antibody S-49 #6, purchased from Dr. G. Abraham). This assay was validated by the quantitative recovery of added progesterone from serum of ovariectomized gilts and by the evidence of parallelism between progesterone levels in different volumes of gilt serum and a progesterone standard. Serum progesterone concentrations were determined to establish the number of times gilts ovulated without showing estrous behavior (behavioral anestrus) and to confirm ovulation after the first detected estrus.
Statistical analysis was carried out by least-squares procedures for data with unequal subclass numbers (Harvey, 1960) . The analyses :of variance for estrous traits are described in table 2. Student-Newman-Keuls' test was used for mean separation of breed effects (Steel and Torrie, 1960) . Data are presented as means + SEM.
Results
Allotment of gilts to experimental treatments within periods of each season resulted in similar weight gains by C-and NC-reared gilts (table 3) . During winter periods 1 and 2, feeding NC-reared gilts .46 kg more diet/day after all animals averaged 88.5 kg was sufficient to produce similar gains by C-and NC-reared gilts.
Influence of Housing. The influence of housing from 2 to 9 months of age is summarized in table 4 and illustrated in figure 1. Fewer (P<.005; table 2) C-reared than NCreared gilts were cyclic at 9 months of age (71.3 vs 85.2%). The percentages of prepuberal gilts and behaviorally anestrous gilts at 9 months of age were higher (P<.05; table 2) among C than NC animals (10.9 vs 4.9, prepuberal; 14.6 vs 6.6, behavioral anestrus). Among those gilts that reached puberty by 9 months of age, the average age and weight at puberty tended to be greater for C-than for NC-reared gilts. Estrous activity at 7 and 9 months of age was lower in C-reared Duroc and Yorkshire gilts than in crossbred (L x LW and LW x L) and Hampshire gilts (figure 2).
Influence of Season. The percentage of gilts cyclic at 9 months tended to be higher (P<.25) during the winter (October to April) than during the summer (April to October) season (81.3 vs 75.2%). The percentage of prepuberal gilts at 9 months of age was greater (P<.10) during the summer season than during the winter season (10.2 vs 5.6%).
Influence of season of the year was evaluated further by analyses of data (table 2) for gilts reared during periods 1 and 2 (winter) and gilts reared during periods 3 and 4 (summer). The percentages of animals that were cyclic, prepuberal and behavioral anestrus at 9 months of age were similar for gilts reared during period 1 and gilts reared during period 2 (table 5) . However, the percentage of gilts cyclic at 9 months of age was greater (P<.005 ; table 2) for animals reared in period 3 than for those reared in period 4 (84.7 vs 65.5%). The lower percentage of cyclic gilts during period 4 was a result of a greater (P<.005) percentage of behaviorally anestrous gilts and a greater (P<.01) percentage of prepuberal gilts. The average age at puberty tended to be greater for gilts reared during the winter than for those reared during the summer (197 vs 192 days), and gilts reared in periods 2 and 4 highest for Duroc gilts (174.6, 176.0, 207.1, 192 .7 and 222.1 days, respectively).
Prepuberal and Behaviorally Anestrous Gilts.
Ninety-nine gilts were noncyclic at 9 months of age; their reproductive tracts were examined by laparoscopy. Thirty-three gilts were classified as prepuberal on the bases of small uteri (cross section of uterine horn <11 ram) and ovaries with only small follicles (<5 mm in diameter). These 33 gilts had serum progesterone concentrations that never exceeded 1 ng/ml. Duroc and Yorkshire breeds had the highest percentages of prepuberal gilts (table  7) . Fifty-tWO of 99 noncyclic gilts were classified as behaviorally anestrus because they did not show estrous behavior and laparoscopy revealed large uteri (cross section of uterine or corpora albicantia (Christenson and Ford, 1979) . In addition, serum progesterone conr of these 52 gilts showed cyclic increases (concentration ranged from 2 to 40 ng/ml). Serum progesterone-concentration profiles determined for the 52 gilts showed that concentration increased and decreased during a 3-week period. The 52 behaviorally anestrous gilts had a total of 143 cycles, or an average of 2.8 cycles with ovulation but without detection of behavioral estrus.
Fourteen of the 99 noncyclic gilts were classified as "other" (tables 2, 4, 5, 6 and 7). On the basis of estrus, weekly serum progesterone concentrations and laparoscopy data, 10 of these 14 gilts showed estrus and ovulated, but estrous behavior and ovulation ceased after one estrous cycle. The four other gilts began ovulating without showing behavioral estrus, but ovulation then ceased.
Ovulation was detected by increased serum progesterone concentration before the establishment of estrous activity in 33 of the 311 cyclic gilts. Serum progesterone-concentration profiles indicated that these gilts had one to four ovulatory cycles (average of 1.5 cycles) before showing their first behavioral estrus.
Discussion
The percentage of gilts cyclic at 9 months of age was lower among C-reared than NCreared gilts. The percentage of gilts that were prepuberal and behaviorally anestrus (noncyclic gilts) was greater among C pigs, and horn >15 mm) and ovaries with corpora lutea, ~ t0c preovulatory follicles (>8 mm in diameter) ~ D CON~'Ne.eN' r such data support swine industry reports of breeding problems in C-reared gilts. Overall, the percentage of C gihs showing regular cycles from 5 to 9 months of age was 12% lower than the percentage of NC gilts (figure 1). Rampacek and Kraeling (1978) reared crossbred gilts in C and NC and reported that 22 of 29 (75.9%) NC-and 10 of 28 (35.7%) C-reared gilts had shown estrus by 8.5 months of age. Rampacek and Kraeling found that the majority of gilts that had not shown estrus were prepuberal at 8.5 months of age. Differences between this study and the Rampacek and Kraeling (1978) study may be accounted for by breed of gilt, number of gilts per pen or geographic location, as well as by unknown C and NC factors. Photoperiod and social environment are two factors that are altered by C housing, and it has been suggested that these factors influence puberal development. However, age at puberty has not been found to differ among gilts reared under different lengths of daylight (Ntunde et al., 1979; Wise et al., 1980) . Rearing gilts in C under complete darkness has been shown to both increase (Ntunde et al., 1979) and decrease age at puberty in gilts (Dufour and Bernard, 1968) . These data suggest that length of daylight is not a major factor in the sexual maturation of C-reared gilts. The social environment of C and NC rearing can influence estrous traits of gilts. Jensen et al. (1970) reported that individual tethering increased age at puberty by only 4 days; but the expression of estrus was less discernible in tethered gilts and the prevalence of immature reproductive tracts at 10 to 12 months of age was greater among tethered than nontethered gilts (13/87 vs 0/87). Mavrogenis and Robinson (1976) reported that puberty occurred 14 days later in gilts housed in individual pens than in NC gilts kept in groups of 30/pen. Ford and Teague (1978) reported that the number of gilts reaching puberty and the average age at puberty were not affected when floor space (crowding) for 3-to 8-month-old gilts (eight to 12 gilts/pen) was restricted to one-half the space given controls. Christenson and Ford (1979) found in one of two trials that the percentage of gilts cyclic from 8 to 12 months of age was 10 to 15% greater among animals housed (1.2 m 2/gilt) in groups of eight/pen than among those housed in groups of 24/pen.
It is not known at what age C has its detrimental influence on puberty and estrous activity. In this study, as well as in the study by Rampacek and Kraeling (1978) , gilts were reared in C to 70 to 100 days of age and then moved to NC or other C housing. Because more NC gilts than C gilts were cyclic at breeding age, it can be concluded that C rearing to 70 to 100 days of age was not as detrimental as C rearing through the period of sexual maturation. At 5.5 to 6.5 months of age, gilts reared in C appear to be sexually suppressed by C and a lack of boar exposure, but when transported to NC and exposed to a boar, a majority show estrus within 10 days (Zimmerman et al., 1969; Brooks and Cole, 1970) .
The influence of season of the year on sexual maturation of the gilt has been discussed (Christenson and Ford, 1979) . Data from several reports (Wiggins et al., 1950; Scanlon and Krishnamurthy, 1974; Bane et al., 1976) indicate that market-weight gilts slaughtered in the late summer show less sexual maturation, as evidenced by a greater percentage of gilts with immature reproductive tracts, than gilts slaughtered at any other time of the year.
In this study, different percentages of gilts were observed to cycle when reared in the winter or summer seasons or periods within winter or summer. The percentage of cyclic gilts was lowest in period 4; this finding supports the previously discussed slaughter data. Gilts reared during period 3 averaged only 3 weeks older than gilts reared during period 4, but a higher (P<.005) percentage of the gilts reared in period 3 were cyclic at 9 months of age. Higher percentages of prepuberal and behaviorally anestrous gilts accounted for the lower number of cyclic gilts reared in period 4. Both C-and NC-reared gilts from period 4 had reduced estrous activity (table 6 ). It appears that the severity of the effect of season on sexual maturation during period 4 was greater in C than NC.
Average weekly high and low dry-bulb temperatures are shown in figures 3 and 4. In the summer season (periods 3 and 4), average weekly high and low dry-bulb temperatures were increased by the second week of June (figure 4), when gilts reared during period 3 averaged 5.7 months of age and gilts reared during period 4 averaged 4.9 months of age. The 3-week difference in age at the time dry-bulb temperature increased could account for the reduced estrous activity of gilts reared during period 4. Teague et al. (1968) and d 'Arce et al. (1970) have shown that the incidence of estrous behavior is reduced among cyclic gilts exposed to high environmental temperatures.
Average weekly high dry-bulb temperatures in C and NC were similar during the summer season. Average weekly low dry-bulb temperatures, however, were higher (",,4 C) in C than in NC; the difference could account for the greater reduction of estrous activity (period 3 vs 4) among C-than NC-reared gilts (table 6) .
The influence of breed on age at puberty in gilts reared in NC (Robertson et al., 1951; Foote et al., 1956; Zimmerman et al., 1960; Clark et al., 1970 ) and on estrous activity and age at puberty in gilts reared in C (Christenson and Young, 1978; Christenson and Ford, 1979) is recognized. Data from this study confirm that in C, breed of gilt influences estrous activity and age at puberty.
The interactions of breed, type of housing and season of the year were examined and, with one exception, were not significant (table 2) . A breed of gilt x type of housing interaction (P<.005) was found for percentage of prepuberal gilts at 9 months of age. A large percentage (41.6 + 4.7%) of C-reared Duroc gilts were prepuberal, while only a small percentage (12.1 + 4.5%) of NC-reared Duroc gilts were prepuberal. In the other breeds, the percentages of prepuberal gilts among C-and NC-reared animals were similar.
Behavioral anestrus is a condition reported to occur at about the same frequency as delayed puberty in gilts (Christenson and Ford, 1979) . Because the incidence of behavioral anestrus is influenced by breed of gilt, type of housing (C versus NC) and season of the year, it will be difficult to predict the frequency of this condition in other studies. In the present study, the average number of cycles without estrus (2.8 cycles) in behaviorally anestrous gilts suggests the severity of the problem. A more recent study shows the ineffectiveness of pen mating behaviorally anestrous gilts. When mature boars were housed continuously for 25 days with cyclic and behaviorally anestrous gilts, pregnancy rates were 90.5% for cyclic and 21.4% for behaviorally anestrous gilts (Christenson and Ford, 1980) .
AGE OF GILTS (MONTHS)
In conclusion, breed of gilt, type of housing and season of the year during sexual maturation all influence puberty and regularity of estrous cycles in gilts. The underlying physiological mechanisms by which these factors influence puberty and estrous cycles is' not understood.
